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Abstract
Background—Chronically supported left ventricular assist device (LVAD) patients may be
candidates for novel therapies aimed at promoting reverse remodeling and myocardial recovery.
However, the impact of hemodynamic unloading with a LVAD on myocardial viability and LV
function in chronically supported LVAD patients has not been fully characterized. We aimed to
develop a non-invasive imaging protocol to serially quantify native cardiac structure, function, and
myocardial viability while at reduced LVAD support.

Methods—Clinically stable (n=18) ambulatory patients supported by a HeartMate II LVAD
(median age 61 yrs, 83% men, median durations of heart failure 4.6 years and LVAD support 7
months) were evaluated by echocardiography and 99mTc-Sestamibi SPECT imaging at baseline
and after a 2–3 month interval. Echocardiographic measures of LV size and function, including
speckle tracking derived circumferential strain, were compared between ambulatory and reduced
LVAD support at baseline and between baseline and follow up at reduced LVAD support. The
extent of myocardial viability by SPECT was compared between baseline and follow up at
reduced LVAD support.

Results—With reduction in LVAD speeds (6600 RPM, IQR: 6200,7400), LV size increased, LV
systolic function remained stable, and filling pressures nominally worsened. After a median 2.1
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months, on repeat imaging while at reduced LVAD speed, cardiac structure, function, and the
extent of viable myocardium, both globally and regionally, was unchanged.

Conclusions—In clinically stable chronically supported LVAD patients, intrinsic cardiac
structure, function, and myocardial viability did not significantly change over the pre-specified
timeframe. Echocardiographic circumferential strain and 99mTc-Sestamibi SPECT myocardial
viability imaging may provide useful non-invasive endpoints for the assessment of cardiac
structure and function, particularly for phase II studies of novel therapies aimed at promoting
reverse remodeling and myocardial recovery in LVAD patients.

Introduction
Implantations of left ventricular assist devices (LVAD) as a bridge to heart transplantation
or lifetime (destination) therapy have been increasing (1). While LVADs improve survival
in advanced heart failure (HF) (2, 3), sufficient myocardial recovery to allow LVAD
explantation has also been reported, although pooled estimates indicate that recovery occurs
in the minority (1–15%) of patients (1, 4–6). This emphasizes the importance of exploring
therapeutic options in the broader LVAD population to reverse myocardial dysfunction and
promote recovery (4–9). However, prior to the delivery of novel therapies, a basis for
quantitatively assessing cardiac structure and function both under different loading
conditions and over time in LVAD patients must first be ascertained (6, 10, 11).

Non-invasive imaging of cardiac structure and function is an important component in
evaluating LVAD patients (10). Transthoracic echocardiography is the mainstay, due to its
broad availability, ability to provide hemodynamic and valvular information, good spatial
resolution, and lack of radiation (10, 12, 13). Nuclear imaging with 99mTc-Sestamibi SPECT
is a well validated method for quantifying myocardial scar and offers complimentary
information to that obtained with echocardiography (14, 15). Nuclear 123I-MIBG imaging
has also been utilized to demonstrate improvement in sympathetic innervation in the first 6
months following LVAD (16, 17). However, MIBG imaging does not allow regional
quantification of fibrosis/scar, is not widely available, and is more time intensive
than 99mTc-Sestamibi SPECT imaging. Additional benefits of 99mTc-Sestamibi include
rapid tracer uptake, short SPECT imaging acquisition time (15–20 minute), wide
availability, and validation as a robust method for assessing global and regional LV response
to therapies, including stem cells (18, 19).

A universally agreed upon methodology for assessing cardiac structure and function in the
LVAD population has not yet been established (11). Moreover, most prior studies on cardiac
structure and function in LVAD patients have focused on the early period of hemodynamic
unloading, i.e. the first 6 months post implantation (20, 21). Whether hemodynamic
unloading in patients chronically supported by LVADs is associated with changes in cardiac
structure and function has been less well characterized (22, 23). Therefore, in this report we
describe a prospective non-invasive imaging protocol designed to evaluate serial
measurements of cardiac structure, function, and myocardial viability at reduced LVAD
support in stable outpatients chronically supported on a continuous flow axial LVAD.

Methods
Study population

Between December 1, 2011 and December 31, 2012, clinically stable outpatients supported
on a HeartMate II (Thoratec Corp. Pleasanton, CA) LVAD who received their care at
Brigham and Women's Hospital, Boston, MA, were approached to voluntarily participate in
this imaging protocol (Figure 1). Patients who had their first LVAD implantation within the
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preceding two years were eligible (n=60). Of these patients, twenty-eight were excluded (8
dead, 8 post cardiac transplant, 12 medically unstable). Of the thirty two stable ambulatory
LVAD patients, nine did not provide consent, and five consented but were not imaged due to
the development of medical instability or withdrawal of consent. The study population was
comprised of 18 patients of whom 17 completed the entire protocol and one underwent
cardiac transplantation after baseline, but before follow up. The Institutional Review Board
approved the study and all imaged patients provided written informed consent.

Imaging Protocol
Patients were scheduled for two study visits (baseline and follow up) approximately 2-3
months apart. At each study visit, patients were evaluated in the dedicated LVAD clinic in
the morning and then underwent transthoracic echocardiography and nuclear SPECT
imaging in the afternoon. All patients were anticoagulated with warfarin and had an INR ≥
1.5 on the day of imaging.

Comprehensive 2D, M-Mode, and Doppler echocardiography (GE Vivid 7, GE Healthcare,
Waukesha, WI) was performed at ambulatory LVAD speeds. An optimization study with
adjustments to LVAD speeds (±400 RPM) was performed as clinically indicated. Following
this, the LVAD speed was reduced by 600–800 RPMs and after a 5 minute equilibration
period, limited echocardiographic imaging was obtained. LVAD speed was sequentially
reduced in this manner until full aortic valve opening was identified (defined as aortic valve
cusp separation ≥ 2.0 cm by M-mode with every QRS complex). Once full aortic valve
opening was identified, LVAD speeds were further reduced by 600–800 RPM or to 6000
RPM, whichever was higher, to ensure shifting of the balance of support from the LVAD to
native cardiac function. For patients in whom full aortic valve opening was not achieved,
LVAD speeds were reduced to 6000 RPM, as this has previously been demonstrated to be
sufficient for assessing native cardiac function (20). At reduced LVAD speed,
comprehensive echocardiography was repeated. Patients were monitored throughout by a
nurse practitioner and cardiologist.

At reduced LVAD support, approximately 25mCi of 99mTc-Sestamibi were injected
intravenously. The nuclear tracer was allowed to circulate for 10 minutes during reduced
LVAD support, before returning to optimized ambulatory LVAD settings. Approximately
45 minutes after injection of the tracer, patients underwent gated 99mTc-Sestamibi SPECT
imaging on a Symbia SPECT/CT (Siemens Corp., Malvern, PA).

Echocardiographic Analyses
Echocardiographic measures of cardiac structure and function were quantified offline using
vendor independent software (TomTec, Unterschleißheim, Germany). Echocardiographic
quantification was performed according to American Society of Echocardiography
guidelines (24–26). Left ventricular (LV) function was assessed by fractional area change
(13) and circumferential systolic strain by speckle tracking (Cardiac Performance Analysis,
TomTec, Unterschleißheim, Germany) in the parasternal short axis view at the mid
ventricular papillary muscle level (Figure 2) (27). Final values for all indices were taken as
the mean of measurements from three cardiac cycles. In one patient, poor acoustic windows
precluded quantification of LV fractional area change, circumferential strain, and right
ventricular size and function.

99mTc-Sestamibi SPECT Analyses
LV viability was quantified using a commercially available software package (Corridor
4DM version 12, INVIA Corp., Ann Arbor, MI) using a seventeen segment model (28). The
segments in which the LVAD cannula was present were excluded from analysis. A viable
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segment was defined as one with >55% peak normalized counts (15, 28). The overall
amount of viable myocardium was calculated as the average of the proportions of each
segment in which peak counts were above the threshold of 55%, after excluding segments in
which the LVAD cannula was present (Figure 3) (15, 29). The extent of viable LV
myocardium was quantified in each patient at baseline and follow up. One patient was
excluded from SPECT analyses due to artifact produced by bowel overlying the LV.

As novel therapies aimed at promoting reverse remodeling and augmenting myocardial
recovery may be potentially delivered via an intracoronary route, peak normalized counts
were also evaluated regionally. After excluding segments in which the LVAD cannula was
present, those segments in which peak normalized counts were ≤ 55%, i.e. non-viable, were
identified. If two or more contiguous segments within the same coronary distribution had
peak normalized counts ≤ 55%, this non-viable territory was classified as a “target zone”. If
more than one target zone was identified in a patient, for example in multivessel coronary
artery disease, then the target zone with the lowest average peak normalized counts was
included (30, 31), such that each patient had no more than one target zone. The average of
peak normalized counts in the segments comprising the target zone was calculated within
each patient at baseline and follow up (Figure 4).

Correlation of echocardiographic LV function with 99mTc-Sestamibi SPECT myocardial
viability

Using standardized segmentation of the six mid LV segments (anterior, anterolateral,
inferolateral, inferior, inferoseptum, and anteroseptum), we assessed the relationship
between systolic function from speckle tracking echocardiography and myocardial viability
from 99mTc-Sestamibi SPECT (Figure 5) (28, 32). Apical and basal segments were not
assessed due to the presence of the LVAD cannula and mitral valve, respectively. Each of
the six mid LV segments was dichotomized as non-viable or viable, if peak normalized
counts were ≤ 55% or > 55%, respectively. Average circumferential strain was calculated in
non-viable and viable segments at both baseline and follow up.

Statistical Analyses
Echocardiographic measures of cardiac structure and function were compared between
ambulatory vs. reduced LVAD support at baseline, as well as, between baseline and follow
up at reduced LVAD support. The extent of LV viability was quantified by 99mTc-Sestamibi
SPECT and was compared between baseline and follow up. Average peak normalized
counts in the target zone was also calculated and compared between baseline and follow up.
For correlation between LV function and myocardial viability, circumferential strain was
quantified in non-viable and viable segments and compared between baseline and follow up.
Summary statistics are presented as percentages or median (IQR) with comparisons via the
Wilcoxon signed rank or rank sum test or Fisher's exact test, as appropriate. Two-sided p
values <0.05 were considered significant. Intraclass correlation coefficients were calculated
to assess for the consistency of imaging measures within patients from baseline to follow up.
Analyses were performed using Stata 11.2 (Stata Corp., College Station, Texas).

Results
Study Population

Among the 18 imaged LVAD patients, the majority were men (83%), the median age was 61
years, and patients had HF for a median of 4.6 years (Table 1). The baseline study was
performed approximately 7 months post LVAD implantation. Angiographic coronary artery
disease was present in 10 (56%) patients and 2 (11%) patients had a history of cardiac
sarcoidosis. All patients were taking warfarin and aspirin and nearly all patients had an

Gupta et al. Page 4

J Heart Lung Transplant. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



implantable cardioverter-defibrillator. Neurohormonal therapy and other cardiovascular
medications were maintained at maximally tolerated doses without change at all study time
points.

Cardiac structure and function at reduced LVAD support
LVAD speeds were decreased from ambulatory settings of 9200 (IQR: 9200,9600) RPMs to
6600 (IQR: 6200,7400) RPMs (Table 2). With decreasing LVAD support, there was a
corresponding increase in pulsatility index, but no significant change in heart rate or
Doppler blood pressure. Reduction of LVAD support was associated with an increase in LV
size in both systole and diastole, although LV function, assessed by mid ventricular
fractional area change and global circumferential strain, did not significantly change. In
concert with the increase in LV size with reduction of LVAD support, right ventricular size
decreased, although right ventricular function measured via fractional area change did not
significantly change. With loading of the LV at reduced LVAD support, there were nominal
changes in the direction of worsening filling pressures measured by E/e'. Importantly, no
significant adverse events (e.g. arrhythmias, stroke/TIA, or heart failure) occurred during
speed reduction. Furthermore, LVAD function (power and flow) was stable after returning
to ambulatory settings.

Stability of cardiac structure, function, and myocardial viability over time at reduced LVAD
support

After a median of 2.1 months, seventeen LVAD patients underwent follow up imaging of
cardiac structure and function following the same protocol as at baseline. Cardiac structure
and function while at reduced LVAD speed was compared between the baseline and follow
up studies (Table 3). LVAD speeds and pulsatility index were similar between baseline and
follow up at reduced support. Echocardiographic parameters of both LV and RV size and
function at reduced LVAD support remained stable between baseline and follow up.

Therapies aimed at promoting reverse remodeling and myocardial recovery may have global
or regional effects. Therefore, we evaluated both global and regional measures of LV
viability with 99mTc-Sestamibi SPECT imaging. Between baseline and follow up, the extent
of global LV viability measured by 99mTc-Sestamibi SPECT did not significantly change
(median Δ 0.10%, IQR −1.7,2.2, p = 0.80; ICC 0.97, 95%CI 0.95,1.00) (Figure 3). Similarly,
average peak normalized counts in the target zone supplied by a coronary artery remained
stable between baseline and follow up (median Δ 0.10%, IQR −1.5,1.9, p = 0.88; ICC 0.96,
95%CI 0.93–1.00) (Figure 4).

Regional viability and left ventricular function at reduced LVAD support and over time
The relationship between systolic function from speckle tracking echocardiography and
myocardial viability from 99mTc-Sestamibi SPECT we assessed in the six mid LV segments
(Figure 5). Non-viable and viable segments were defined as those with ≤55% or >55% of
peak normalized counts by 99mTc-Sestamibi SPECT imaging, respectively. Circumferential
strain in non-viable and viable segments remained stable between baseline and follow up. In
addition, circumferential strain was significantly more impaired in non-viable as compared
to viable segments and this relationship was also unchanged between baseline and follow
up.

Discussion
Sufficient myocardial recovery to allow LVAD explantation has been reported in a small
minority and these patients have predominantly been younger with non-ischemic etiologies
for HF, with reverse remodeling occurring early within the first 6 months of hemodynamic
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unloading with LVADs (1, 4–6). The majority of LVAD patients do not sustain myocardial
recovery and with the expanding LVAD population (1) a substantial number of patients may
be candidates for novel therapies that promote reverse remodeling and augment myocardial
recovery. However, there have been few pre-defined protocols for evaluating cardiac
structure and function in LVAD patients (8, 20, 33, 34) resulting in a lack of standardization
for the assessment of myocardial reverse remodeling and recovery (11).

By prospectively imaging cardiac structure, function, and viability under different loading
conditions and over time in stable outpatients chronically supported on a HeartMate II
LVAD, our findings may help establish a standardized protocol for assessment of these
patients. As anticipated with reduction in LVAD speeds LV size increased, but without
deterioration of LV systolic function. Importantly, in these clinically stable patients, imaging
at reduced LVAD support was repeated after approximately 2 months and intrinsic
ventricular cardiac structure, function, and the extent of viable myocardium, both globally
and regionally, did not significantly change. Moreover, regional LV function was
reproducibly related to the extent of viable myocardium both at baseline and follow up.
These results demonstrate the feasibility and reproducibility of this non-invasive
echocardiographic and 99mTc-Sestamibi SPECT imaging protocol for assessing cardiac
structure, function, and viability in a chronically supported clinically stable LVAD
population.

Cardiac structure and function at reduced LVAD support
The ability of the LVAD supported heart to maintain preserved structure and function under
increased loading conditions may predict sustainable myocardial recovery (11). Short of
LVAD explantation, the closest approximation to evaluating intrinsic myocardial function in
LVAD patients is through “turn down” or “off-pump” studies during which the balance of
work has been shifted from mechanical circulatory support to the native heart (10). Prior
studies suggest that reduction of speed in the HeartMate II device to 6000 RPM effectively
provides an “off-pump” study (8, 20). However, it has also been noted that the ability of the
LV to generate sufficient force to open the aortic valve at high LVAD speeds (>10,000
RPM) in the setting of clinical stability and absence of LVAD malfunction may indicate
myocardial recovery (13). In our protocol, we sequentially reduced LVAD speeds to
evaluate for full aortic valve opening or 6000 RPM, whichever was higher. The range of
LVAD speeds needed to complete this protocol was 6000–8000 RPMs, suggesting not only
that most chronically supported LVAD patients are maintained at speeds to effectively
decompress the LV, but also that most chronically supported LVAD patients do not have
sufficient native cardiac function to overcome higher levels of LVAD support. Furthermore,
at reduced LVAD speed we found that most patients were unable to maintain cardiac size
and filling pressures, or augment systolic function in response to increased loading
conditions, portending a low likelihood of sustainable myocardial recovery. These findings
are consistent with previous reports at reduced LVAD support providing validity to this
imaging approach (20, 35, 36).

Stability of cardiac structure, function, and viability at reduced LVAD support
Chronic hemodynamic unloading with LVAD support has been associated with
improvement in cardiac structure and function in some patients (4, 37–43). Recently, several
groups demonstrated that the extent of myocardial fibrosis is related to the potential for
myocardial recovery in LVAD patients (44–47). 99mTc-Sestamibi SPECT has been
previously validated for the non-invasive assessment of myocardial viability (32), and is
highly correlated (r = 0.89, p < 0.001) with the extent of histologic fibrosis in an advanced
HF population awaiting cardiac transplant (14). With this prospective non-invasive imaging
protocol including 99mTc-Sestamibi SPECT, we found that in most patients with chronic
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LVAD support, native cardiac viability, both globally and regionally, did not significantly
change over time. While major changes in cardiac structure and function were not
anticipated in chronically supported LVAD patients, these quantitative measures are
important for planning future trials of novel therapies aimed at augmenting reverse
remodeling and myocardial recovery. The demonstration that regional function was related
to the extent of viable myocardium and that this relationship between nuclear assessed
viability and echocardiographically assessed myocardial function at reduced LVAD support
was also stable from baseline to follow up will also be important for any future studies
trying to alter cardiac structure and function. These findings also suggest that speckle
tracking echocardiography and 99mTc-Sestamibi imaging may be useful and complimentary
non-invasive tools for assessing myocardial function and viability and potentially the
response to therapies in chronically supported LVAD patients.

Limitations
While we present the feasibility of our standardized prospective non-invasive imaging
protocol in chronically supported LVAD patients, limitations should be noted. We imaged a
relatively small number of patients who were of older age and in which there was
heterogeneity in etiology, as well as, durations of HF and LVAD support. We did not
evaluate the early post LVAD period as chronically supported LVAD patients represent the
majority of LVAD patients and therefore may be the most suitable candidates for evaluating
novel therapies aimed at augmenting reverse remodeling and myocardial recovery. Patients
were assessed over a relatively short duration of follow up during which neurohormonal
antagonists were prescribed at maximally tolerated, though not necessarily target doses for
heart failure (8). The 2–3 month time frame for follow up was pre-specified in order to 1)
minimize loss to follow up due to intervening transplant or change in medical stability and
2) in anticipation of the time frame in which the effect of a novel therapy aimed at
promoting reverse remodeling may be seen.

Not all patients had completely interpretable echocardiographic and/or SPECT images
although only one patient was excluded from nuclear analysis and one from
echocardiographic measures of strain. In addition, the presence of the LVAD cannula
imparts challenges in imaging particularly of the apical segments, although we accounted for
this in both the nuclear and echocardiographic protocols. We cannot exclude that the apical
cannula may affect circumferential strain, perhaps due to tethering, which may vary based
upon cannula position or orientation. However, as paired comparisons were made within
each patient at reduced speed and over time, it would be expected the effect on
circumferential strain due to the cannula should be similar in each patient. In addition, all
imaged patients had the HeartMate II device, and therefore the findings may not apply to
other types of LVADs, such as intrapericardial devices.

Conclusions
We prospectively evaluated cardiac structure, function, and viability under different loading
conditions and over time in stable outpatients chronically supported on a HeartMate II
LVAD. We found that intrinsic cardiac structure, function, and viability, both globally and
regionally, did not significantly change over time. Echocardiography, in particular speckle
tracking derived circumferential strain, and 99mTc-Sestamibi SPECT myocardial viability
imaging may provide useful non-invasive endpoints for the assessment of cardiac structure
in function, particularly for phase II studies of novel therapies aimed at promoting
myocardial recovery in LVAD patients.
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Figure 1.
Consort diagram of LVAD imaging study.
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Figure 2.
A. Left ventricular systolic function was assessed with global circumferential strain (CS)
from speckle tracking echocardiography at the mid ventricular level at the papillary muscles.
B. At reduced LVAD support, LV systolic function (Global CS) is stable from baseline to
follow up in chronically supported LVAD patients (each line represents a patient).
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Figure 3.
A. At reduced LVAD support, global left ventricular viability was assessed by 99mTc
Sestamibi SPECT imaging at a threshold of 55% of peak normalized counts, after exclusion
of segments containing the LVAD cannula (gray zones). B. At reduced LVAD support, the
extent of global LV viability was stable from baseline to follow up in chronically supported
LVAD patients (each line represents a patient).
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Figure 4.
A. At reduced LVAD support, the extent of regional LV viability was assessed by averaging
peak normalized counts from 99mTc Sestamibi SPECT imaging in the target zone, defined as
≥ 2 contiguous segments with ≤ 55% of peak normalized counts within the same coronary
distribution, after exclusion of segments containing the LVAD cannula. In this example of a
patient with a history of a right coronary artery (RCA) STEMI, 4 segments (red) in the RCA
territory comprised the target zone (average peak normalized counts = 35.3) B. At reduced
LVAD support, the extent of regional LV viability in the target zones was stable from
baseline to follow up in chronically supported LVAD patients (each line represents a
patient).
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Figure 5.
The relationship between left ventricular viability and systolic function assessed by
circumferential strain in chronically supported LVAD patients. A. The 6 mid LV segments
were co-registered between SPECT (left) and echocardiographic (right) imaging in 15
patients. Each segment was categorized as viable (green) or non-viable (red) based upon
>55% or ≤55% of peak normalized counts from 99mTc-Sestamibi SPECT imaging,
respectively. Circumferential strain from speckle tracking echo was averaged in viable and
non-viable segments. B. At reduced LVAD support, circumferential strain was compared
between non-viable and viable segments over time and within studies (Baseline: Non viable
vs viable p = 0.022; Follow Up: Non viable vs viable p = 0.017).
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Table 1

Baseline characteristics of chronically supported clinically stable LVAD patients.

Characteristic N=18

Age, years 61 (56,65)

Duration of HF, years 4.6 (2.4,8.5)

Duration of LVAD, months 6.9 (4.8,9.7)

Sex, male 15 (83)

Coronary Artery Disease 10 (56)

 Prior Myocardial Infarction 9 (50)

 Prior PCI 10 (56)

 Prior CABG 4 (22)

Sarcoidosis 2 (11)

Hx/o Hypertension 7 (39)

Diabetes mellitus 7 (39)

Chronic kidney disease, eGFR < 60ml/min/ 1.73m2 2 (11)

Body mass index, kg/m2 27 (24,31)

Current smoker 2 (11)

ACEI or ARB 15 (83)

Beta blocker 18 (100)

Aldosterone antagonist 8 (44)

Hydralazine 1 (6)

Nitrates 1 (6)

Diuretics 11 (61)

Digoxin 1 (6)

Statin 13 (72)

Aspirin 18 (100)

Warfarin 18 (100)

Cardiac resynchronization therapy 8 (44)

Implantable cardioverter defibrillator 17 (94)

Data presented as median (IQR) or counts (%). HF = heart failure; LVAD = left ventricular assist device; PCI = percutaneous coronary
intervention; CABG = coronary artery bypass grafting; eGFR = estimated glomerular filtration rate. ACEI = angiotensin converting enzyme
inhibitor; ARB = angiotensin receptor blocker.
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Table 2

Cardiac structure and function by echocardiographic imaging at ambulatory LVAD settings and reduced
LVAD support.

Parameter Ambulatory Settings Reduced Support Change P

RPM 9200 (9200,9600) 6600 (6200,7400) −2600 (−2200,−2800) <0.001

Pulse Index 5.1 (4.2,5.9) 6.7 (6.3,6.9) 1.6 (0.8,2.5) <0.001

Power, watts 6.2 (5.5,7.1) 2.9 (2.7,3.5) −2.9 (−2.6,−4.2) <0.001

Heart rate, bpm 78 (70,86) 73 (67,84) 0 (0,−5) 0.25

Doppler BP, mmHg 84 (78,88) 82 (80,90) 2 (−4,8) 0.44

Inflow Velocity, m/s 0.72 (0.62,0.89) 0.55 (0.46,0.64) −0.18 (−0.06,−0.29) <0.001

Outflow Velocity, m/s 0.81 (0.69,0.94) 0.80 (0.66,0.96) −0.01 (0.05,−0.10) 0.62

LVEDD, cm 5.2 (4.3,5.7) 5.7 (4.6,6.5) 0.3 (0.2,0.9) <0.001

LVESD, cm 4.7 (4.1,5.3) 5.3 (4.2,5.9) 0.5 (0.3,0.9) <0.001

RVEDA, cm2 25.0 (21.6,32.4) 20.2 (16.8,23.9) −3.6 (−0.7,−7.6) 0.002

LV-GCS, % −9.5 (−8.3 ,−13.9) −10.5 (−8.3,−13.5) −0.8 (1.6,−1.7) 0.76

LV-FAC, % 26 (20,29) 21 (17,31) −1 (2,−3) 0.34

RV-FAC, % 40 (38,43) 37 (32,44) −3 (1,−8) 0.33

E wave velocity, cm/s 71 (56,75) 75 (49,84) 5 (−6,14) 0.41

Average E' velocity, cm/s 9.0 (7.0,11.2) 8.3 (6.5,9.8) −0.6 (0.2,−3.2) 0.07

LV filling pressures (E/e') 8.1 (6.1,8.6) 8.5 (6.4,9.7) 1.0 (0.0,2.5) 0.044

RV-RA gradient, mmHg 17 (16,23) 23 (17,29) 5 (−1,9) 0.018

RV Cardiac Output, L/min 5.2 (3.9,6.6) 4.3 (3.9,4.9) −0.5 (0.1,−1.7) 0.15

PVR, Wood units 1.7 (1.4,2.1) 2.7 (2.3,3.2) 0.7 (0.4,1.4) 0.001

Data presented as median (IQR). P value from signrank test for paired data. RPM = rotations per minute; bpm = beats per minute, BP = blood
pressure; LVEDD = left ventricular end diastolic diameter, LVESD = left ventricular end systolic diameter; RVEDA = right ventricular end
diastolic area; LV-GCS = left ventricular global circumferential strain; LV-FAC = left ventricular fractional area change; RV-FAC = right
ventricular fractional area change; RV-RA = right ventricular-right atrial; RV = right ventricular; PVR = pulmonary vascular resistance.
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Table 3

The stability of cardiac structure and function by echocardiographic imaging at reduced LVAD support over
time in chronically supported clinically stable LVAD patients.

Parameter Baseline Follow up Δ P ICC

RPM 6600 (6200,7400) 6400 (6000,7000) 0 (−200,0) 0.10 0.85

Pulse Index 6.6 (6.3,6.8) 6.4 (5.7,6.8) −0.3 (−0.7,0.4) 0.42 0.25

Power, watts 3.0 (2.7,3.6) 2.9 (2.7,3.7) −0.1 (−0.4,0.4) 0.74 0.76

Heart rate, bpm 72 (66,84) 78 (69,83) 1 (−2,3) 0.43 0.38

Doppler BP, mmHg 82 (82,90) 88 (80,92) 0 (−4,10) 0.38 0.52

Inflow Velocity, m/s 0.55 (0.42,0.64) 0.49 (0.43,0.62) −0.04 (−0.06,0.02) 0.21 0.99

Outflow Velocity m/s 0.76 (0.66,0.87) 0.82 (0.66,0.89) 0.06 (−0.04,0.10) 0.59 0.58

LVEDD, cm 5.6 (4.6,6.5) 5.6 (4.9,6.5) −0.1 (−0.1,0.0) 0.22 0.98

LVESD, cm 5.2 (4.2,5.9) 5.2 (4.5,5.9) 0.0 (−0.1,0.1) 0.69 0.98

RVEDA, cm2 20.2 (16.5,24.3) 22.1 (17.1,25.3) 1.4 (−1.0,3.5) 0.09 0.76

LV-GCS, % −10.5 (−7.4,−15.4) −9.5 (−7.9,−12.8) 0.4 (−0.5,1.1) 0.28 0.90

LV-FAC, % 21 (14,33) 21 (18,29) −1 (−3,2) 0.64 0.89

RV-FAC, % 38 (33,44) 37 (32,44) 0.4 (−6,2) 0.64 0.59

Data presented as median (IQR). P value from signrank test for paired data. ICC = intraclass correlation coefficient; RPM = rotations per minute;
bpm = beats per minute, BP = blood pressure; LVEDD = left ventricular end diastolic diameter, LVESD = left ventricular end systolic diameter;
RVEDA = right ventricular end diastolic area; LV-GCS = left ventricular global circumferential strain; LV-FAC = left ventricular fractional area
change; RV-FAC = right ventricular fractional area change.
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